This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



1 



world nnBi^ggMfr""- _ cOOPERATTONTREATY^CT^ 

I PCT UNDER TffiPATBS^52^^ ^4^990 

* »ot tCATlON PUBl^^J^lil---- ; T^bUcatkm Number: 

— ■ Patent 

Cto ssificatK)B • 1 Al I ,.,M„ 11>ra ational Publication Dat^ 



-^—^ J^ttBtOassificoo- • Al national PublicBt^UB- ' 

51) International r /ft7 (43) U>t«™ FL HU, JP. i 

^^^^ 

24 Decern^ ^^ 12 - 92) ' — * 

^ 07/996,567 \ 

^ „ M, 2 She^ood Lane. 

Simsbury, CT H t al • ABB Combustion . 

lOof Prosit HiUR 080 ' 
(US). 



1 ..«th. and < 



jRCONIOM ALLOY against inadUtion ina | 

SEe and strength- 



V 



PCTAJS93/07530 

WO 94/14990 ^ 



^ «*» «- — « — ° N — ES 

Sa£KSESim ^'^ dilates to alloys for use in 

This invention relates x. 

„ r^wm core structural 
Ugh t water nuclear reactor larly , this 

a f,->f>\ cladding- wore p<»- 
components and fuel ^ use vhich 

„, atM to a zirconium alloy i 
inventxon relates resistance and mechanical 

ex hi>its superior corrosxon res, Xarly , 

irradiation. Still m« 
property _ ^ aXXoy with iBprove d 

this invent.cn relates ^ ^ 

co rrosion resistance and irr 
controlling its alloy composite 



ranges . 



15 



20 



<-v««a Prior__&3^ 

pegcg JnWI "f W e -g in the fuel assembly 

Zirconium alloys are used x» 

„cnents of nuclear reactors, such as » 
s tructural components ^ 

fuel rod claddino. ^ -J ^ ^ ^ ^ 
instrument - ■ agalns t 

neutron cross sect, ^ 

hl ah pressure/hi g h temperature 

„4-* and fatoricability- 

„ e chanical stren^- ^ _ _ 

allo ys, ln llgh t water reactor 

^ "^se of their relatively small capture cross 
cores because 



SUBSTITUTE 



SHEET 



WO 94/14990 



-2- 



PCTAJS93/07530 



section for thermal neutrons. The addition of 0.5 to 2.0 
percent by weight niobium and up to 0.25 percent of a 
third alloying element to these Zirconium alloys for 
purposes of corrosion resistance in the reactor core is 
5 suggested in U.S. Pat. No. 4,649,023 as part of a 

teaching of producing a roicrostructure of homogeneously 

disbursed fine precipitates of less than about 800 
angstroms. The third alloying element is a constituent 
such as iron, chromium, molybdenum, vanadium, copper, 
10 nickel and tungsten. 

Pellet-clad interaction (PCI) resistance is 
sought in U.S. Pat. Nos. 4,675,153 and 4,664,831 by use 
of zirconium-based alloys including "zirconium-2 . 5 w/o 
niobium". The latter teaching also refers to "Zr-Nb 
15 alloys containing about 1.0 to 3.0 w/o Nb" . In these 

patents, oxygen is present "below about 350 ppm of said 
alloy". 

U.S. Pat. No. 4,648,912 teaches improving high 
temperature corrosion resistance of an alpha Zirconium 

20 alloy body by rapidly scanning the surface of the body 

with a laser beam. The alloy treated included zirconium- 
niobium alloys. Thus, it has been found by various 
investigators in the prior art literature that the 
addition of niobium to a Zirconium alloy for use in light 

25 water reactors will reduce hydrogen uptake from waterside 
corrosion, stabilize alloying element-irradiation defect 
complexes, and make the alloy more resistant to annealing 
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of irradiation damage. It is also reported by 
investigators that niobium will enhance work 
hardenability of irradiated Zircaloy but that an addition 
of niobium above the 1 percent level will not result in 
further additional benefit in mechanical properties. 

An improved ductile irradiated Zirconium alloy 
is described in U.S. Pat. No. 4,879,093 issued to an 
inventor in this application. The alloy has a stabilized 
microstructure which minimizes loss of alloy ductility 
required to resist release of fission gases and to handle 
spent fuel safely. The alloy retains a reasonable 

corrosion resistance in both pressurized water reactors 
(PWR) and boiling water reactors (BWR) because of its 
optimum intermetallic precipitate average particle size. 
The alloy of the '093 patent is based on an alpha phase 
zirconium-tin-niobium or alpha phase zirconium-tin- 
xnolybdenum alloy having characteristics as shown in Table 
! of that patent with niobium, if present, in a range of 
from a measurable amount up to 0.6 percent by weight. 
The molybdenum, if present, is in a range of from a 
measurable amount up to 0.1 percent by weight. The 
zirconium-tin system is known as ••Zircaloy" and, 
typically, if Zircaloy-4, for example, would also have 
0.18 to 0.24 percent by weight iron, 0.07 to 0.13 percent 
by weight chromium, oxygen in the range of from 1000 to 
1600 ppm, 1.2 to 1.7 percent by weight tin, and the 
remainder zirconium. 
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U.S. Pat, No, 4,992,240 discloses another 
Zirconium alloy containing on a weight basis, 0.4 to 1.2% 
tin, 0.2 to 0.4% iron, 0.1 to 0.6% chromium, not higher 
than 0.5% of niobium, and balance zirconium, wherein the 
5 sum weight proportions of tin, iron and chromium is in 

the range of 0.9 to 1.5%. Oxygen, according to Fig. 4 of 
the '240 patent, is about 1770 ppm to 1840 ppm. Niobium 
is apparently optional, and silicon is not reported. 

Recent trends in the nuclear industry include 
10 shifts toward higher coolant temperatures to increase the 
thermal efficiency and toward higher fuel discharge 
burnups to increase the fuel utilization. Both the 
higher coolant temperatures and discharge burnups tend to 
increase the in-reactor corrosion and hydrogen uptake of 
15 the Zirconium alloys. The high levels of neutron 
fluence and simultaneous hydrogen pickup degrade the 
ductility of Zirconium alloys. For these more demanding 
service conditions, it is therefore necessary to improve 
the corrosion resistance and irradiated ductility of 
20 Zirconium alloys. 

Accordingly, it is a continuing problem in this 
art to develop a Zirconium alloy having superior 
ductility after irradiation; good corrosion resistance, 
especially independent of processing history; reduced 
25 hydrogen absorption by the alloy; and a significant solid 
solution alloy strength. 
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different alloying elements are given below, and the 
composition of the alloy according to the invention is 
shown in Table 1. 

The alloy of the present invention thus 
5 includes tin (Sn) in a range of 0.4 5 to 0.75 wt.%, 

wherein 0.6 wt.% is typical. The alloy also has iron 
(Fe) in a range of 0.4 to 0.53 wt.%, and typically 0.45 
wt.%; chromium (Cr) in a range of 0.2 to 0.3 wt.% and 
typically 0.25 wt.%; niobium (Nb) in a range of from 0.3 

10 wt.% to 0.5 wt.% and typically 0.45 wt.%; silicon in a 

range of 50 to 2 00 parts per million (ppm) and typically 
100 ppm; carbon (C) in a range of 80 to 150 ppm and 
typically 100 ppm; oxygen (0) in a range of from 1000 to 
2000 ppm and typically 1600 ppm; and the balance 

15 Zirconium. 

TIN fShH 

A decrease in the tin level below the 1.2 
percent lower limit in zircaloy-4 improves its corrosion 
resistance. (,) For this reason, the tin level for the 

20 alloy of the invention is selected to be in the range of 
0.45 to 0.75 wt.%. However, the trend of the mechanical 
property data regarding the influence of tin content on 
the thermal creep of Zirconium alloys at 400°C indicates 
that a decrease in tin level will degrade the creep 

25 resistance of Zirconium alloys. ^ The selected range of 
the tin level of 0.45 to 0.75 wt.% tin is expected to 
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provide a combination of good corrosion resistance and 
good creep resistance for the alloy of the invention and 
that the addition of niobium and iron as discussed below 
will improve the mechanical properties of the alloy of 
5 the invention. 

tpqw (Te) 

The corrosion resistance of Zircaloy-2 and iron 
alloys in both 360°C water and 400°C steam depends on 
the iron level. 0) While best corrosion resistance in 360°C 
10 water was observed with 0.45 wt.% iron, the best 

corrosion resistance in 400°C steam was observed at 0.25 
percent iron. In order to achieve good corrosion 
resistance in both steam and water environments, an 
intermediate value of 0.4 wt. % to 0.53 wt.% Fe was 
15 selected for the new alloy of the invention. Since the 
results of 360°C water autoclave corrosion tests 
correlate well with the in-PWR corrosion performance of 
Zirconium alloys, typically 0.45 wt.% of iron is added to 
the proposed alloy of the invention. 

20 rHpoMTim <Cr) 

Chromium is mainly added to improve the 
strength and creep resistance of the new alloy. The 
(Fe+Cr) range up to 0.7 wt.% is useful in improving 
mechanical properties of the alloy without degradation of 
25 the corrosion resistance, according to the recent results 
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of Isobe and Matsuo. (4) Moreover, for zirconium -in- 
niobium alloys containing iron and chromium, a 
iron/chromium ratio of about 1.5 appears to give good 
corrosion resistance. (4) Thus, the chromium range of 
5 0.2 to 0.3 wt.*, and typically 0.25 wt.%, was selected 
for the new alloy. 

NIOBIUM (Nbl 

The addition of niobium in an amount from a 
measurable mount to 0.5 wt.% and typically 0.4 5 wt.% is 

10 to improve the irradiated ductility of the new alloy, (5) to 
improve its corrosion resistance, (n and to reduce 
» hydrogen absorption. <5 > The amount of niobium is limited 
to retain a predominantly single phase alpha structure of 
the alloy for superior corrosion resistance, mechanical 

15 properties, and good f abricability . It is known that 

higher levels of iron can increase the hydrogen uptake of 
the Zirconium alloys. The addition of 0.45 wt.% niobium 
is expected to negate the effect of higher iron on the 
hydrogen absorption characteristics of the proposed 

20 alloy. 

NICKEL (Hi) 

Nickel is added in a range of 0.012 to 0.03 
wt.%, and typically 0.02 wt.%, to enhance the high 
temperature corrosion resistance of the zirconium alloy. 
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CTTfON (Si) 

The silicon, in a range of 50 to 200 ppm, and 
typically- at 100 ppm, is added as an alloying element to 
reduce the hydrogen absorption by the alloy and also to 
reduce the variation of the corrosion resistance with 
variations in the processing history of the alloy. (1) 

CARBSN_J[C1 

Carbon is included in a range of 80 to 150 ppm, 
and typically at 100 ppm. High levels of carbon, i.e. 
greater than 200 ppm, degrade the in-PWR corrosion 
resistance of Zirconium alloys and also increase the 
irradiation growth rate. Low levels of carbon, i.e. 
lower than 80 ppm result in parallel plate structure 
after beta quenching that degrades the f abricability of 
Zirconium alloys. The selected range for the alloy of 
the invention of 80 to 150 ppm is expected to result in 
an alloy with good f abricability , low in-PWR corrosion 
rate, and low irradiation growth. 
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Oxygen, in a range of 1000 to 2000 ppm, and 
typically at 1600 ppm, is added as a solid solution 
strengthening alloying element. 

Thus, the invention of the new alloy described 
in this specification is expected to achieve good 
corrosion resistance, irradiated ductility, and reduced 

SUBSTITUTE SHEET 



WO 94/14990 



-10- 



PCT/US93/07530 



hydrogen absorption by its selected composition. The 
exposure of Zirconium alloys to a water reactor 
environment results in irradiation damage to the 
microstructure and hydride precipitation. Both of these 
5 factors reduce the ductility and corrosion resistance of 
the irradiated alloys. The higher levels of alloying 
elements generally improve the strength and creep 
resistance of Zirconium alloys with a concurrent 
degradation of the corrosion resistance. A new Zirconium 
10 alloy, according to this invention, with optimum levels 

of tin, iron, chromium, niobium, nickel, silicon, carbon, 
and oxygen is proposed that should provide a good 
combination of mechanical properties and corrosion 
resistance after irradiation. 
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(5) Garde, A. M. , U.S. Patent No. 4,879,093, 
"Ductile Irradiated Zirconium Alloy", issue date November 
7, 1989. 
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TABLE 1 
Preferred Embodiment 
Modified Zirconium Alloy 



10 



Tin, Wt.% 
Iron, Wt.% 
Chromium , Wt . % 
Niobium/ Wt.% 
Nickel, Wt.% 
Silicon, ppm 
Carbon, ppm 
Oxygen , ppm 
ppm 

Zirconium 



Range 

0.45 to 0.75% 
0.4 to 0.53% 
0.2 to 0.3% 
0.3 to 0.5% 
0.012 to 0.03% 
50 to 200 ppm 
80 to 150 ppm 
1000 to 2000 ppm 

Balance 



Typical 

0.6% 

0.45% 

0.25% 

0.45% 

0.02% 

100 ppm 

100 ppm 

1600 

Balance 
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IN THE CT.A J MR 

1 1. A Zirconium alloy for use in light water 

2 nuclear core structure elements and fuel cladding, which 

3 comprises an alloy composition as follows: 

4 tin, in a range of 0.4 5 to 0.75 
wt.%; iron, in a range of 0.4 to 
0.53 wt.%; chromium, in a range of 
0.2 to 0.3 wt.% niobium, in a range 
of 0.3 to 0.5 wt.%; nickel, in a 
range of 0.012 to 0.03 wt.%; 
silicon, in a range of 5 0 to 200 ppm; 
carbon, in a range of 80 to 150 ppm; 
11 oxygen, in a range of 1000 to 2000 

13 PPm; and the balance being of 

14 zirconium. 



4 
5 
6 
7 
8 
9 
10 
11 
12 



1 2. The alloy composition as set forth in 

2 claim wherein said tin is typically about 0.6 wt.%. 

1 3. The alloy composition as set forth in 

2 claim wherein said iron is typically about 0.45 wt.%. 

1 4. The alloy as set forth in claim l wherein 

2 said chromium is about 0.25 wt.%. 
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1 5. The alloy as set forth in claim 1 wherein 

2 said niobium is about 0.4 5 wt.%. 

1 6. The alloy as set forth in claim I, wherein 

2 said nickel is about 0.02 wt.%. 

1 7. The alloy as set forth in claim 1 wherein 

2 said silicon is about 100 ppm. 

1 8. The alloy as set forth in claim 1 wherein 

2 said carbon is about 100 ppm. 

1 9. The alloy as set forth in claim 1 wherein 

2 said oxygen is about 1600 ppm. 

1 10. A Zirconium alloy for use in light water 

2 nuclear core structure elements and fuel cladding, which 

3 comprises a composition which includes tin in a range of 

4 0.45 to 0.75 wt.% to improve corrosion resistance of said 

5 alloy in combination with iron in a range of 0.4 to 0.53 

6 wt.% and niobium present in a range of a measurable 

7 amount up to 0.5 wt.%, said iron and said niobium acting 

« 

8 in combination with said tin to improve the mechanical 

9 properties of said alloy, said niobium negating at least 

10 in part an increase of hydrogen uptake in said alloy as a 

11 result of said iron level; chromium in an amount 

12 determined by a ratio of iron/chromium of about 1.5, so 
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13 that said chromium is in a range of 0.2 to 0.3 wt.%; and 

14 alloying elements including nickel in a range of 0.012 to 

15 0.03 wt.% to enhance the high temperature corrosion 

16 resistance of the alloy, silicon in a range of 50 to 200 

17 ppm to reduce the hydrogen absorption by the alloy and to 

18 reduce variation of corrosion resistance with variation 

19 in the processing history of the alloy, carbon in a range 

20 of 80 to 150 ppm for good f abricability , low in-PWR 

21 corrosion rate, and low irradiation growth, and oxygen in 

22 a range of 1000 to 2000 ppm as a solid solution 

23 strengthening alloying element; and the remainder 

24 zirconium. 

1 11. The alloy composition as set forth in 

2 claim 10, wherein said tin is typically about 0.6 wt.%. 

1 12. The alloy composition as set forth in 

2 claim 11, wherein said iron is typically about 0.45 wt.%. 

1 13. The alloy as set forth in claim 11 wherein 

2 said chromium is about 0.25 wt.%. 

1 14. The alloy as set forth in claim 10 wherein 

2 said niobium is about 0.45 wt.%. 

1 15. The alloy as set forth in claim 10, 

2 wherein said nickel is about 0.02 wt.% 
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1 16. The alloy as set forth in claim 10 wherein 

2 said silicon is about 100 ppm. 

1 17. The alloy as set forth in claim 10 wherein 

2 said carbon is about 100 ppm. 

1 18. The alloy as set forth in claim 10 wherein 

2 said oxygen is about 1600 ppm. 

1 19. A Zirconium alloy consisting essentially 

2 of the following composition: 

3 tin, in a range of 0.4 5 to 0.75 wt.%; 

4 4 iron, in a range of 0.4 to 0.53 

5 wt.%; 5 chromium, in a range of 0.2 

6 to 0.3 wt.% 6 niobium, in a range of 

7 0.3 to 0.5 wt.%; nickel, in a range 

8 of 0.012 to 0.03 wt.%; silicon, in a 

9 range of 50 to 200 ppm; carbon, in a 

10 range of 80 to 150 ppm; oxygen, in a 

11 range of 1000 to 2000 ppm; and the 

12 balance being of zirconium. 

1 20. A Zirconium alloy which comprises a 

2 composition consisting essentially of tin in a range of 

3 0.45 to 0.75 wt.% to improve corrosion resistance of said 

4 alloy in combination with iron in a range of 0.4 to 0.53 

5 wt.% and niobium present in a range of a measurable 
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6 amount: up to 0.5 wt.%, said iron and said niobium acting 

7 in combination with said tin to improve the mechanical 

8 properties of said alloy, said niobium negating at least 

9 in part an increase of hydrogen uptake in said alloy as a 

10 result of said iron level; chromium in an amount 

11 determined by a ratio of iron/chromium of about 1.5, so 

12 that said chromium is in a range of 0.2 to 0.3 vt.%; and 

13 further comprising alloying elements including nickel in 

14 a range of 0.012 to 0.03 wt.% to enhance the high 

15 temperature corrosion resistance of the alloy, silicon 

16 in a range of 50 to 200 ppm to reduce the hydrogen 

17 absorption by the alloy and to reduce variation of 

18 corrosion resistance with variation in the processing 

19 history of the alloy, carbon in a range of 80 to 150 ppm 

20 for good f abricability , low in-PWR corrosion rate, and 

21 low irradiation growth, and oxygen in a range of 1000 to 

22 2000 ppm as a solid solution strengthening alloying 

23 element; and the remainder zirconium. 

1 21. The alloy composition as set forth in 

2 claim 20, consisting essentially of said alloying 

3 elements . 
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